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PROJECTION APPARATUS, PROJECTION
METHOD AND STORAGE MEDIUM

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s based upon and claims the benefit of
priority from Japanese Patent Application No. 2018-125873,
filed Jul. 2, 2018, the entire contents of which are incorpo-
rated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present mvention relates to a projection apparatus
which 1s suitable for, 1n particular, a wearable small-sized

projector, a projection method, and a storage medium.

2. Description of the Related Art

Jpn. Pat. Appin. KOKAI Publication No. 2011-175051
proposes a technology for providing a small-sized projector
which can project an 1image, without operation buttons being,
disposed on a projector main body. For example, 1t 1s
presupposed that the projector 1s mstalled on a table, a desk
or the like, and an 1mage 1s projected onto a surface on which
the projector 1s disposed. Thus, the movement of the appa-
ratus operated on the surface 1s detected, and a process
corresponding to an operation 1s executed based on a detec-
tion result.

On the other hand, 1n recent years, various kinds of mobile
projectors, which are very small 1n size and can easily be
carried, have been commercialized. A mobile projector of
such a kind 1s driven by a battery, and 1s worn on, for
example, a breast pocket of a person. Thereby, an 1mage can
be projected on the person’s palm that 1s positioned 1n front
of the person’s chest.

In this kind of mobile projector, since the apparatus body
1s small, even 1f the apparatus main body 1s equipped with
a plurality of buttons for performing various operations
relating to projection, such operations are time-consuming,
and cumbersome. In particular, 1t 1s very difficult to operate
buttons without causing disturbance of 1mages which are
projected during a projection operation.

To cope with this problem, it 1s conceivable to adopt a
method of using a remote controller which 1s separate from
the projector, or a method in which a member of an imaging,
system having such an imaging view angle as to cover a
projection view angle 1s also provided on a projection
surface, and a movement for istructing an operation by the
palm, on which an image 1s projected, 1s recognized from an
image captured by the member.

However, the above-described former method of using the
separate remote controller may become a factor that impairs
the ease 1n carrying the small-sized mobile projector 1tsell.

In addition, the above-described latter method, in which
the member of the 1maging system 1s provided along with
the projection system and the member 1s caused to recognize
the movement of the palm for instructing the operation,
requires complex hardware circuitry including a solid-state
imaging device and an 1maging lens optical system, and 1s
not practical in consideration of factors including the manu-
facture cost of the mobile projector, power consumption, etc.

The present invention has been made in consideration of
the above-described circumstance, and the object of the
invention 1s to provide a projection apparatus which can
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realize, with simple configuration, various operations relat-
ing to a projection operation, a projection method, and a
storage medium.

SUMMARY OF THE INVENTION

According to one aspect of the present invention, there 1s
provided a projection apparatus comprising: a projection
umt configured to project an 1mage; an acquisition device
configured to acquire a distance between an apparatus main
body and a projection target; a ranging device including a
ranging axis which 1s substantially parallel to a projection
optical axis of the projection unit; and a controller config-
ured to control a projection operation, based on a result of
ranging of the ranging device with reference to the distance
acquired by the acquisition device.

Additional objects and advantages of the invention will be
set forth 1n the description which follows, and in part will be
obvious from the description, or may be learned by practice
of the invention. The objects and advantages of the invention
may be realized and obtained by means of the mnstrumen-
talities and combinations particularly pointed out hereinat-
ter.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING

The accompanying drawings, which are incorporated 1n
and constitute a part of the specification, illustrate embodi-
ments of the mvention, and together with the general
description given above and the detailed description of the
embodiments given below, serve to explain the principles of
the 1nvention.

FIG. 1A, FIG. 1B and FIG. 1C are views 1illustrating an

external appearance configuration and a wearing method of
a small-sized mobile projector apparatus according to an
embodiment of the present invention;

FIG. 2A and FIG. 2B are views illustrating the outline of
a basic gesture operation according to the embodiment of the
invention;

FIG. 3 1s a block diagram 1illustrating a functional con-

figuration of electronic circuitry according to the embodi-
ment of the invention;

FIG. 4 1s a flowchart illustrating the processing content
corresponding to a user’s gesture operation according to the
embodiment of the invention;

FIG. 5A, FIG. 5B and FIG. 5C are views exemplarily
illustrating time-based variation characteristics of detection
outputs of ToF (Time of Flight) sensors (ToF-A, ToF-B)
according to the embodiment of the invention;

FIG. 6 A and FIG. 6B are views for describing a projection
environment and a gesture determination content in a “palm
projection mode”™ according to the embodiment of the imnven-
tion;

FIG. 7 1s a view for describing a projection environment

in a “wall surface projection mode” according to the
embodiment of the invention;

FIG. 8 A and FIG. 8B are views for describing a projection
environment and a gesture determination content in the
“wall surface projection mode” according to the embodi-
ment of the invention;

FIG. 9A and FIG. 9B are views for describing a gesture
determination content 1n a “static position projection mode™
according to the embodiment of the invention; and
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FIG. 10A and FIG. 10B are views for describing a
projection environment and a gesture determination content

in a “narrow place mode” according to the embodiment of
the 1nvention.

DETAILED DESCRIPTION OF TH.
INVENTION

L1

Hereinafter, an embodiment 1n a case in which the present
invention 1s applied to a wearable-type small-sized mobile
projector will be described in detail with reference to the
accompanying drawings.

FIG. 1A, FIG. 1B and FIG. 1C are views 1illustrating an
external appearance configuration and an example of wear-
ing of a small-sized mobile projector 10 according to the
present embodiment. As illustrated in FIG. 1A, the small-
s1ized mobile projector 10 has a two-fold configuration 1n
which a housing 10A and a housing 10B are openably/
closably connected via a hinge. On the outer surface of the
housing 10A, a projection lens unit 10C 1s disposed, and also
two ToF sensors 10D (ToF-A) and 10E (ToF-B) are disposed
with the projection lens unit 10C being interposed.

The projection lens unit 10C emuts, 1n a direction perpen-
dicular to the plate surface of the housing 10A, an optical
image formed by a light source, which 1s composed of a
semiconductor light-emitting element (not shown) in the
inside of the projection lens unit 10C, and by a micromirror
clement which 1s a display element 1n the inside of the
projection lens unit 10C, thereby projecting the 1image on a
target on which the image 1s to be projected.

Each of the ToF sensors 10D and 10E i1s a sensor which
emits an 1nvisible laser beam of a very small output 1n an
axial direction parallel to a projection optical axis of the
projection lens unit 10C, and measure a distance from an
external object existing 1n the axial direction, based on a
time difference between the emission timing of the beam and
the reception timing of the reflected beam.

By taking into account the detection outputs of the two
ToF sensors 10D and 10E and the direction of arrangement
of the ToF sensors 10D and 10E, the movement of the
external object along the direction of arrangement can be
detected.

In addition, a focus dial 10F for adjusting the focal
distance of the projection lens unit 10C 1s provided on a side
surface of the housing 10A. By detecting a subject distance
corresponding to the lens position of a manual focus lens
(acquisition device) 1 the projection lens unit 10C, the
distance between the small-sized mobile projector 10 (appa-
ratus main body) and the projection target can be acquired.
A power key 10G for mstructing ON/OFF of power 1s
provided on a side surface of the other housing 10B.

FIG. 1B illustrates the external appearance of the small-
s1zed mobile projector 10 in the state in which the housings
10A and 10B are folded.

FIG. 1C exemplarily illustrates a state in which the
small-sized mobile projector 10 1s worn on a breast pocket
PK of a shirt ST. The breast pocket PK 1s clamped by the
housing 10A and housing 10B, and the small-sized mobile
projector 10 1s worn so as to face the front size of the user
wearing the shirt ST, with the housing 10A being located on
the outside of the breast pocket PK. Thereby, the small-sized
mobile projector 10 1s set 1n the projection state.

FIG. 2A exemplanly illustrates a state 1n which an 1image
1s projected on a hand HD of the user from the small-sized
mobile projector 10 which 1s worn as 1llustrated 1n FIG. 1C.

In addition, as illustrated in FIG. 2B, 1in the small-sized
mobile projector 10 in the present embodiment, hand ges-
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tures by the user’s hand HD are accepted as basic operation
instructions, based on the detection outputs of the ToF
sensors 10D and 10E.

Specifically, 1t 1s assumed that four movements can be
accepted as operation instructions, 1n four cases where the
user’s hand HD 1s moved toward the small-sized mobile
projector 10 (Near), moved away from the small-sized
mobile projector 10 (Far), raised relative to the small-sized
mobile projector 10 (Up), and lowered relative to the small-
s1zed mobile projector 10 (Down).

Of these four cases, as regards the case of raising (Up) and
the case of lowering (Down), the direction of raising/
lowering of the user’s hand HD 1s determined when the
distance of one of the detection results of the ToF sensors
10D and 10E becomes sharply greater (Large) than the
distance of the other detection result by the movement of the
user’s hand HD 1n the direction of arrangement of the ToF
sensors 10D and 10E.

FIG. 3 1s a block diagram 1illustrating a functional con-
figuration of electronic circuitry provided in the small-sized
mobile projector 10. In FIG. 3, a storage device 12 1s directly
connected to a controller 11 which executes overall control
of the small-sized mobile projector 10. In addition, a focus
processor 13, a projection unit 14, a key operation device 15,
a ranging device 16 and a communication device 17 are
connected to the controller 11 via a bus B.

The storage device 12 includes a work memory 12A
composed of a RAM; a program memory 12B composed of
a nonvolatile memory such as a flash ROM; and a content
memory 12C.

The controller 11 1s composed of a processor such as a
CPU. The controller 11 reads out an operation program
stored 1in the program memory 12B, loads the operation
program 1n the work memory 12A and executes the opera-
tion program, thereby controlling the projection operation in
the small-sized mobile projector 10.

The projection unit 14 1includes, 1n addition to the above-
described projection lens unit 10C, a light source composed
of a semiconductor light-emitting element (not shown), and
micromirror element that 1s a display element. The projec-
tion unmit 14 forms an optical image by using 1mage content
stored 1n the content memory 12C, and emits and projects
the optical image by the projection lens unit 10C.

The focus processor 13 drives and controls, under the
control of the controller 11, the position of a focus lens (not
shown) 1n the projection lens unit 10C.

The key operation device 15 includes the focus dial 10F
and power key 10G, and sends operation signals correspond-
ing to the operations of the focus dial 10F and power key
10G to the controller 11.

The ranging device 16 drives the ToF sensors 10D and
10E at predetermined sampling cycles of, e.g. 0.2 [millisec-
ond] to 0.35 [millisecond] (sampling frequency: about 2850
[Hz] to 5000 [Hz]), acquires distance data from the detection
outputs of the ToF sensors 10D and 10E, and sends the
acquired distance data to the controller 11.

The communication device 17 controls transmission/re-
ception of data to/from a device which 1s externally con-
nected by radio or by wire to the small-sized mobile pro-

60 jector 10 via, for example, a wireless LAN interface (I/F) 18,

65

a Bluetooth (trademark) intertface (I/F) 19 or a USB 1nterface

(I'F) 20.
The wireless [LAN interface 18 transmits/receives wire-

less data to/from an external device according to, e.g.

IEEE802.11a/11b/11g/11n standards.
The Bluetooth terface 19 supports, e.g. Bluetooth
(trademark) BR/EDR version 5.0, and executes transmis-




US 11,252,387 B2

S

sion/reception of wireless data, such as image content, with
relatively low power consumption.

The USB interface 20 executes transmission/reception of
data, such as 1mage content, to/from an external device
which 1s connected via a USB cable (not shown).

Next, the operation of the above-described embodiment

will be described.

FIG. 4 1s a flowchart illustrating the processing content
corresponding to the gesture operation of the user, which the
controller 11 mainly executes cyclically.

To start with, 1n the process, the controller 11 acquires
from the focus processor 13 a focal distance 1 of the
presently performed 1mage projection, which corresponds to
the operation position of the focus dial 10F (step S101).

Next, the controller 11 acquires the present use state as
detection outputs of the ToF sensors 10D and 10E during,
mainly, an immediately preceding predetermined time (step

S5102).
FIG. 5A, FIG. 5B and FIG. 3C are views exemplarily
illustrating time-based variation characteristics of detection

outputs of ToF sensors ToF-A and ToF-B 1n the case where
the sampling cycle 1s, for example, 0.3 [millisecond]. In
FIG. 5A, FIG. 5B and FIG. 5C, for example, 1t 1s assumed
that a characteristic graph indicated by a solid line 1s the
output of the ToF sensor 10D (ToF-A), and a characteristic
graph indicated by a broken line 1s the output of the ToF
sensor 10E (ToF-B).

It 1s assumed that the degree of variation during the
predetermined time 1s determined by setting first detection
lines and second detection lines as thresholds on the upper
and lower sides of the focal distance 1 as the center.

FIG. 5A exemplarily illustrates the outputs of the ToF
sensors 10D and 10E 1n a state of ““Case I”” in which both the
main body of the small-sized mobile projector 10 and the
projection surface are being shaken, for example, as 1n the
case where the small-sized mobile projector 10 1s worn on
the breast pocket PK of the shirt ST as illustrated 1n FIG. 1C,
and the user’s hand HD 1s used as the projection surface.

The controller 11 counts the number of times by which the
detection outputs exceed the second detection lines of the
thresholds with greater deviations from the focal distance 1
during the predetermined time, and determines the “Case 1
state.

FIG. 5B exemplarily illustrates the outputs of the ToF
sensors 10D and 10F 1n a state of “Case II”” 1n which only
the main body of the small-sized mobile projector 10 1s
being shaken, for example, as 1n the case where the small-
s1zed mobile projector 10 1s worn on the breast pocket PK
of the shirt ST as 1illustrated in FIG. 1C, and a fixed
projection target, such as a wall surface, 1s used as the
projection surface.

When the detection outputs do not exceed the second
detection lines of the thresholds with greater deviations from
the focal distance 1 during the predetermined time but the
detection outputs exceed the first detection lines of the
L
C

wresholds with less deviations from the focal distance f

-

uring the predetermined time, the controller 11 counts the
number of times by which the detection outputs exceed the
first detection lines and determines the “Case II” state.

FIG. 5C exemplarily illustrates the outputs of the ToF
sensors 10D and 10F 1n a state of “Case III” 1n which both
the small-sized mobile projector 10 and the projection
surface are fixed, for example, as in the case where the
small-s1zed mobile projector 10 1s fixed by a tripod or the
like, and a fixed projection target, such as a wall surface, 1s
used as the projection surface.
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Since the detection outputs exceed neither the second
detection lines of the thresholds with greater deviations from
the focal distance 1 during the predetermined time nor the
first detection lines of the thresholds with less deviations, the
controller 11 determines the “Case III” state.

In step S102, the controller 11 acquires the detection
outputs of the ToF sensors 10D and 10E as the present use
state, and then determines which of “Case I”, “Case 117,
“Case III”, “Narrow Place” and “No Projection” corre-
sponds to the use state, based on the detection outputs of the
ToF sensors 10D and 10E during the immediately preceding
predetermined time (step S103).

When the use state 1s determined to be “Case 17, the

controller 11 then selects a gesture determination table
corresponding to a “palm projection mode” (step S105).
FIG. 6 A and FIG. 6B are views for describing a projection
environment and a gesture determination content in the
“palm projection mode”. As illustrated 1n FIG. 6A, the focal

distance 1 1s found 1n accordance with the operation position
of the focus dial 10F. In this case, as 1llustrated 1in FIG. 6 A,

the projection surface 1s located on the palm.

With reference to the focal distance 1, the following four
areas are divided 1n accordance with the distance from the
small-s1zed mobile projector 10:

area 3: 0 or more, and a (=1-0.301) or less,

area 2: a (=1-0.301) or more, and b (=1+0.301) or less,

area 1: b (=1+0.301) or more, and ¢ (=1+0.51) or less, and

area 0: ¢ (=1+0.51) or more.
The controller 11 reads out the gesture determination table
in the palm projection mode from the program memory 12B,
as 1llustrated 1n FIG. 6B, sets the gesture determination table
on the work memory 12A, and prepares for a subsequent
gesture operation.

Specifically, seven kinds of gesture operations are
detected here, from the transition states of the position of the
user’s hand, which are obtained from the detection outputs
of the ToF sensors 10D and 10E. In this table, for example,
a set of values of area 3 to area 0, which are obtained from
the outputs of the ToF sensors 10D and 10E, are determined
like (X, v). A variable N (=1~3) 1n the table 1s indicative of
any one of positions of area 1 to area 3, excluding area O.

For example, 1n a viewer mode for viewing image files
stored 1n the content memory 12C that 1s the internal storage
medium, 11 a second gesture command “Down” 1s detected
while a file “Image001” 1n the series of 1mage files 1s being
projected, an immediately preceding image “Image000” 1s
projected by an operation istruction “SlideBack™ that 1s
associated with this gesture.

In this state, if a third gesture command “Up™ 1s detected,
the next image “Image001” 1s projected by an operation
istruction “SlideFWD™ that 1s associated with the gesture.

The four basic gesture operations “Up”, “Down”, “Near”
and “Far” illustrated in FIG. 2B may be associated with
operation 1nstructions with particularly high frequency of
use at the time of 1mage projection. For example, “Near”
may be associated with enlargement projection for increas-
ing a projection view angle, and “Far” may be associated
with reduction projection for reducing a projection view
angle. By this setting, the operability can be further
enhanced.

In addition, when the first gesture command “Out” (large
movement of the hand to the outside) 1s associated with an
operation instruction “extension of focal distance 17, the
extension of the focal distance 1 to a fixed degree can be
executed instead of the operation of the focus dial 10F by the
detection of this gesture.
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Further, 1n step S103, when the use state 1s determined to
be “Case 11, the controller 11 then selects a gesture deter-
mination table corresponding to a “wall surface projection
mode” (step S106).

FIG. 7 1s a view for describing a projection environment
in the “wall surface projection mode™. In this case, the focal
distance 1 of the projection lens unit 10C 1s set on or near the
surface of a wall WL, as indicated by an actual wall surface
in FIG. 7. At positions farther than the focal distance f,
which correspond to the depth side of the area 2, area 1 and
area 0 1 FIG. 6 A, the gesture operation by the palm cannot
be performed.

Accordingly, 1n the present embodiment, the reference
position of the gesture operation 1s set on the front side with
respect to the focal distance 1, for example, at a focal
distance 1'=1/2, and the control for the gesture operation 1s
controlled.

FIG. 8A and FIG. 8B are views for describing a projection
environment and a gesture determination content n the
“wall surface projection mode” in the state in which a
reference position serving as a substitute 1s set as described
above. As 1llustrated in FIG. 8A, with reference to a half
value 1" of the focal distance I corresponding to the operation
position of the focus dial 10F, the following four areas are
divided in accordance with the distance from the small-sized

mobile projector 10:

area 3: 0 or more, and a' (=1"-0.301") or less,

area 2: a' (=1'-0.301") or more, and b' (=1'+0.301") or less,

area 1: b' (='+0.301") or more, and ¢' (=1'+0.501") or less,
and

area 0: ¢! (=1'+0.501") or more, and up to 1.

The gesture determination table itself illustrated 1n FIG.
8B has the same content as illustrated 1n FIG. 6B.

Besides, 1n step S103, when the use state 1s determined to
be “Case III”, the controller 11 then selects a gesture
determination table corresponding to a “static position pro-
jection mode” (step S107).

In this “Case I1I”, an installation environment 1s assumed
in which both the small-sized mobile projector 10 and the
wall surface of the projection surface are fixed. Thus, as
regards the division of areas, like the “Case II” 1llustrated in
FI1G. 8A, the areas are divided with reference to the half
value 1" of the focal distance 1, and the gesture 1s determined.

It 1s assumed that the content of the gesture determination
table after the area division in FIG. 9A 1s the same as the
content of the above-described “palm projection mode” and
“wall surface projection mode”. Further, in this “static
position projection mode”, an eighth gesture operation “Tilt-
1” and a ninth gesture operation “T1lt-2” are added.

FIG. 9B illustrates the movements of the palm of the
gesture operations “Tilt-1" and “T1lt-2”. When the plane of
the palm perpendicular to the axis of ranging of the ToF
sensors 10D and 10F 1s set at 0°, 1t 1s detected that the palm
1s inclined from less than 45° on the front or rear side to 45°
or more toward the front side (T1lt-1) or rear side (Tilt-2).

Specifically, based on the outputs of the ToF sensors 10D
and 10E, determination 1s executed as to whether or not the
position of the palm remains unchanged within the area and
the difference between the distance values acquired by the
ToF sensors 10D and 10E has become a distance value d or
more, the distance value d being equal to the interval of
arrangement of the two ToF sensors 10D and 10E.

In addition, 1n step S103, when the use state 1s determined
to be “narrow place”, the controller 11 then selects a gesture
determination table corresponding to a “narrow place pro-
jection mode” (step S108).
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Note that, as regards the “narrow place projection mode”,
a forcible transition may be executed to the “narrow place
projection mode” by a specific operation by the user, for
example, a one-time operation of the power key 10G for
only a fixed short time of 0.2 [second] or less.

FIG. 10A and FIG. 10B are views lor describing a

projection environment and a gesture determination content
in the “narrow place projection mode”. As 1illustrated 1n FIG.
10A, in the state 1n which projection 1s performed on the
palm with a very short focal distance 1, when there 1s no
large allowance in space for performing a gesture operation
due to the presence of the wall WL or the like, an instruction
can be given by a small gesture operation by designating the
“narrow space projection mode” as described above.

In this case, with reference to the focal distance {, the
following four areas are divided in accordance with the
distance from the small-sized mobile projector 10:

area 3: 0 or more, and a (=1-0.131) or less,

area 2: a (=1-0.151) or more, and b (=1+0.151) or less,

area 1: b (=1+0.151) or more, and ¢ (=1+0.251) or less, and

area 0: ¢ (=1+0.251) or more.

The controller 11 reads out a gesture determination table
in the narrow place projection mode from the program
memory 12B, as illustrated in FIG. 10B, sets the gesture
determination table on the work memory 12A, and prepares
for a subsequent gesture operation.

In addition, 1n step S103, when the image projection
operation 1s not being executed by the projection unit 14 at
the present time point, the use state 1s determined to be “no
projection” unconditionally. Then, the controller 11 provi-
sionally selects a gesture determination table corresponding,
to the “palm projection mode” (step S104).

In this case, by accepting an instruction by a gesture
operation, preparation 1s made for a transition to the starting
of a projection operation with the selection of an 1mage file
stored 1n the content memory 12C or with the setting of an
input of an 1image file from the output via the communication

device 17.

If the selection of the gesture determination table 1s
finished by any one of the processes of steps S104 to S108,

it 1s then determined whether or not a command instruction
by a gesture operation has actually been given, according to
the detection outputs of the ToF sensors 10D and 10E (step
S109).

When 1t 1s determined that the command nstruction by
the gesture operation was given (Yes 1n step S109), the
controller 11 determines the gesture command by using the
gesture determination table that is selected at that time point,
and executes the control on the projection operation, which
1s based on the determination result (step S110). By the
above, the series of processes 1s once finished, and the
controller 11 returns to the process from step S101.

On the other hand, 1n step S109, based on the detection
outputs of the ToF sensors 10D and 10E, when 1t 1s deter-
mined that no command instruction by a specific gesture
operation was given from the state in which the gesture
determination table was selected (No in step S109), the
controller 11 once finishes the series of processes, without
executing the control on the projection operation in step
S110. Then, the controller 11 returns to the process from step
S101.

As has been described above 1n detail, according to the
present embodiment, at least one pair of ToF sensors with
simple structures, which perform ranging only 1n their axial
directions, are used. Thereby, simple gesture operations can




US 11,252,387 B2

9

be detected. Theretfore, various kinds of operations relating,
to the projection operation can be realized, even with simple
configurations.

In addition, i this embodiment, since gesture operations
correspond to time-based variations of the detection outputs
of the ToF sensors, there are many detectable varnations of
gesture operations, and more complex operations can be
instructed.

Additionally, in the present embodiment, far-side and
near-side ranges along the optical axis of projection are
divided into areas with reference to the focal distance with
which the image 1s being projected at the present time point,
and consideration 1s given to the gesture operations. Thus,
the control by very intuitive gesture operations, which are
adapted to the projection environment, can be realized.

Additionally, i the present embodiment, the contents to
be accepted as gesture operations are increased or decreased
in accordance with the degree of time-based varnations of
detection outputs of the ToF sensors, for example, when at
least one of the projection apparatus and the state of the
projection surface 1s fixed, or both of them are fixed.
Therefore, gesture operations, which cannot be determined
in an unstable projection environment, can be properly
accepted.

In the above-described embodiment, the present invention
1s applied to the wearable-type small-sized mobile projector
which incorporates the memory for content and includes the
communication function with an external device. However,
the present invention does not restrict the purpose of use of
the projection apparatus, the projector method correspond-
ing to the light emission source, display, etc., and the mput
system ol 1mage information that 1s the object of projection.

Additionally, in the present embodiment, in the small-
s1zed mobile projector 10, the ToF sensor 10D (ToF-A) and
ToF sensor 10E (ToF-B) are provided on the outer surface of
the housing 10A, with the projection lens unit 10C being,
interposed. However, the embodiment 1s not limited to this
configuration. The number of ToF sensors may be one,
instead of bemng plural. When only one ToF sensor is
provided on the outer surface side of the housing 10A, a
plurality of gesture commands to the small-sized mobile
projector 10 can be accepted as operation instructions,
specifically, a movement (Out) of the user’s hand HD to the
outside from the vicinity of the focal point, a movement
(Near) of the user’s hand to the near side, a movement (Far)
of the user’s hand to the far side, a state (Set) in which the
user’s hand HD 1s positioned over the vicinity of the focal
point, and a state (Clear) in which the user’s hand HD 1s
present 1n none of the areas 1 to 3 for three seconds or more.

Additionally, an element other than the ToF sensor 10D,
10E may be used as the ranging device. For example, a laser
autofocus may be used. In the laser autofocus, an emission
hole of a laser beam 1s provided on the outer surface side of
the housing 10A, and a laser beam of weak infrared 1s
applied to a target. By detecting the state of reflection, the
distance to the target 1s measured. Alternatively, use can be
made of a method of achieving focusing from information of
an 1mage to be captured. Specifically, a phase-difference
autofocus, which 1s based on the following concept, may be
used. A separator lens or a phase-diflerence sensor 1s pro-
vided for autofocus. In the case where an 1mage 1s correctly
focused, when an 1mage 1s divided 1nto two 1mages by the
separator lens that 1s located behind a sensor for imaging, the
positions of the two 1mages become constant. In addition, by
utilizing an 1imaging element for record 1images, it 1s possible
to use a contrast autofocus which captures a plurality of
images by displacing the focus.
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Moreover, by arranging two cameras 1n parallel and by
simultaneously performing photography and executing
image processing, 1t 1s possible to measure a distance by
using the stereo camera which acquires depth information of
a photographed object. Besides, a distance may be measured
by a structured light. In the structured light, a striped or
lattice-shaped pattern 1s projected on an object, and the
pattern 1s photographed by a camera that 1s disposed at a
different angle. Since the projected pattern 1s distorted by the
shape of the object, the shape or depth of the object 1s found
from a pattern of distortion.

In the above-described embodiment, by detecting the
subject distance corresponding to the lens position of the
manual focus lens (acquisition device), the distance between
the small-sized mobile projector 10 (apparatus main body)
and the projection object 1s acquired. However, the embodi-
ment 1s not limited to this configuration. The acquisition
device may acquire a result of ranging of the ranging device
which has the axis of ranging that 1s substantially parallel to
the projection optical axis of the projection unit.

Besides, the present invention 1s not limited to the above-
described embodiment, and can be variously modified with-
out departing from the scope of the present invention 1n
practical stages. In addition, the embodiments may be appro-
priately combined as much as possible and practiced and, in
this case, the combined advantageous ellects can be
obtained. Furthermore, the above-described embodiment
incorporates inventions of various stages, and various inven-
tions can be extracted by appropriate combinations of the
disclosed constituent elements. For example, even if some
constituent elements are omitted from all the constituent
clements disclosed in the embodiment, a configuration from
which some constituent elements are omitted can be
extracted as an mnvention if the problem described in the
specification can be solved and the advantageous eflects
described in the specification can be obtained.

What 1s claimed 1s:

1. A projection apparatus comprising:

a projection unit configured to project an 1mage;

an acquisition device configured to acquire a distance
between an apparatus main body and a projection
target;

a ranging device including a ranging axis which 1s sub-
stantially parallel to a projection optical axis of the
projection unit;

a controller configured to control a projection operation,
based on a result of ranging of the ranging device with
reference to the distance acquired by the acquisition
device;

wherein the ranging device includes a plurality of ToF
(Time of Flight) sensors which are disposed near the
projection unit,

the controller 1s configured to control the projection
operation by the projection unit, 1n accordance with a
degree of varnation of detection outputs of the ToF
sensors during a predetermined time,

the controller 1s configured to determine a use condition,
based on the detection outputs of the ToF sensors
during an immediately preceding predetermined time,
and configured to select a projection mode correspond-
ing to the determined use condition, and

the controller 1s configured to select a gesture determina-
tion table corresponding to the projection mode.

2. The projection apparatus of claim 1, wherein

the ranging device includes a plurality of ToF (Time of
Flight) sensors which are disposed near the projection
unit, and
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the controller 1s configured to divide a distance range on
the projection optical axis mto a plurality of distance
ranges, with reference to a focal position of the pro-
jection unit, and configured to control the projection
operation by the projection unit, 1n accordance with
detection outputs of the ToF sensors and the divided
distance ranges.

3. The projection apparatus of claam 1, wherein the
controller 1s configured to determine at least one of a state
of the projection apparatus and a state of a projection
surface, 1n accordance with the degree of the variation of the
detection outputs of the ToF sensors during the predeter-
mined time, and configured to restrict, in accordance with a
result of the determining, a subsequent control content of the

projection operation corresponding to the detection outputs
of the ToF sensors.

4. A projection apparatus comprising:

a projection unit configured to project an 1mage;

an acquisition device configured to acquire a distance
between an apparatus main body and a projection
target;

a ranging device mcluding a ranging axis which 1s sub-
stantially parallel to a projection optical axis of the
projection unit; and

a controller configured to control a projection operation,
based on a result of ranging of the ranging device with
reference to the distance acquired by the acquisition
device;

wherein the ranging device includes a plurality of ToF
(Time of Flight) sensors which are disposed near the
projection unit,

the controller 1s configured to divide a distance range on
the projection optical axis mto a plurality of distance
ranges, with reference to a focal position of the pro-
jection unit, and configured to control the projection
operation by the projection unit, 1n accordance with
detection outputs of the ToF sensors and the divided
distance ranges,

the controller 1s configured to determine a use condition,
based on the detection outputs of the ToF sensors
during an immediately preceding predetermined time,
and configured to select a projection mode correspond-
ing to the determined use condition, and

the controller 1s configured to select a gesture determina-
tion table corresponding to the projection mode.

5. The projection apparatus ol claim 2, wherein the
controller 1s configured to determine at least one of a state
of the projection apparatus and a state of a projection
surface, 1n accordance with the degree of the variation of the
detection outputs of the ToF sensors during the predeter-
mined time, and configured to restrict, in accordance with a
result of the determining, a subsequent control content of the
projection operation corresponding to the detection outputs
of the ToF sensors.

6. The projection apparatus of claim 1, wherein
the projection unit includes a projection lens unit, and
the projection lens unit 1s disposed between the two ToF
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7. The projection apparatus of claim 4, wherein the
controller 1s configured to determine at least one of a state
of the projection apparatus and a state of a projection
surface, 1n accordance with the degree of the vanation of the
detection outputs of the ToF sensors during the predeter-
mined time, and configured to restrict, 1n accordance with a
result of the determining, a subsequent control content of the
projection operation corresponding to the detection outputs
of the ToF sensors.

8. The projection apparatus of claim 4, wherein

the projection unit includes a projection lens unit, and

the projection lens unit 1s disposed between the two ToF

SENSsors.

9. A projection method applied to an apparatus including,
a projection unit configured to project an 1mage, an acqui-
sition device configured to acquire a distance between an
apparatus main body and a projection target, and a ranging
device including a ranging axis which 1s substantially par-
allel to a projection optical axis of the projection unit and the
ranging device further includes a plurality of ToF (Time of
Flight) sensors which are disposed near the projection unit,

the method comprising:

controlling a projection operation, based on a result of
ranging of the ranging device with reference to the
distance acquired by the acquisition device;

controlling the projection operation by the projection unit,
in accordance with a degree of variation of detection
outputs of the ToF sensors during a predetermined time;

determinming a use condition, based on the detection out-
puts of the ToF sensors during an immediately preced-
ing predetermined time, and selecting a projection
mode corresponding to the determined condition; and

selecting a gesture determination table corresponding to
the projection mode.
10. A non-transitory computer-readable storage medium
having a program stored thereon which controls a computer
incorporated i1n an apparatus including a projection unit
configured to project an 1image, an acquisition device con-
figured to acquire a distance between an apparatus main
body and a projection target, and a ranging device including
a ranging axis which 1s substantially parallel to a projection
optical axis of the projection unit and the ranging device
turther includes a plurality of ToF (Time of Flight) sensors
which are disposed near the projection unit, to perform
functions comprising;:
controlling a projection operation, based on a result of
ranging of the ranging device with reference to the
distance acquired by the acquisition device;

controlling the projection operation by the projection unit,
in accordance with a degree of variation of detection
outputs of the ToF sensors during a predetermined time,

determining a use condition, based on the detection out-
puts of the ToF sensors during an immediately preced-
ing predetermined time, and configured to select a
projection mode corresponding to the determined use
condition; and

selecting a gesture determination table corresponding to

the projection mode.
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